The notion of Entry-Exit Surveillance provides scope for monitoring subjects entering and exiting 'private areas' (places such as wash rooms and changing rooms where cameras are forbidden). The proposal here is to design a conceptual model that accurately detects the type of event such as entry/exit of subjects at the entrances and is robust to possible occlusions between subjects. A novel Entry-Exit event detection method that analyzes the three dimensional layout of the camera view as well as the transition of subjects through frames and determines the type of event as entry or exit or miscellaneous is presented in this paper. Extensive experiments on the benchmark EnEx,CAVIAR and PAMELA-UANDES datasets demonstrate the efficacy of the model.
Introduction
Automated video surveillance systems [1] provide scope to track every subject and analyze every event in their ambit. With the growing availability of economic surveillance cameras and processors, wide area surveillance using multiple cameras bring entire area in public places such as malls, airports, bus and rail stations under surveillance to enhance public safety. However, there are certain places like wash rooms, baby feeding rooms and changing rooms, referred to as private areas where camera surveillance is completely forbidden to ensure privacy of the public. This is considered as a major setback to security systems. Suspicious events such as crimes and medical emergencies are left unnoticed for a longer time. Hence, there is a need for surveillance system that can facilitate monitoring of persons entering into / exiting from private areas by analyzing their time of entry and exit, variations in their appearances which may lead to suspicion.
The notion of Entry-Exit surveillance provides scope for tracking subjects entering and exiting private areas by placing the cameras to view the entrances. The problem has received relatively little attention. Traces of research available in the literature include [2] where a benchmark dataset-EnEx dataset is introduced that demonstrates various dimensions of the problem and method in [3] arXiv:1908.00716v1 [cs.CV] 2 Aug 2019 analyze the direction of propagation of distortion in the color and intensity channels of the video signal to detect entry and exit events. However, the method is limited to ideal situations like one subject entering or exiting at an instance which is not always the case in real-time applicability scenarios.
Relevance of the problem
The problem of event detection such as Entry or Exit or miscellaneous in Entry-Exit Surveillance is addressed in this paper. The subjects are to be tracked throughout their appearance in the camera view scene. Based on their transition through frames, it is to be determined whether the subject entered or exited the private area or just appeared in the scene. Every subject who enters the private area is to be stored in the gallery with bag of attributes and every subject who exits private area is considered as probe and has to be matched with the subjects in the gallery.
Challenges It is difficult to replicate human perception using computer-based models in visual surveillance systems especially, in understanding of a threedimensional scene in a two-dimensional video frame and tracking subjects throughout their presence in the scene and also determining whether the subject entered or exited the private area or just appeared in the camera view scene. The task is more complex when subjects move simultaneously in the scene and overlap occluding each other. The first challenge is people detection in every frame and indexing each subject with their appearances in previous frames and thus finding the trajectory of the subject. Next, tracking of subjects with the possibility of occlusions due to overlap between them and detecting whether the subject entered or exited the private area.
In face of these challenges, one can find several proposals in the literature as part of people detection and tracking as discussed below.
Related Works
People Detection The preliminary task in Entry-Exit surveillance is to detect all the subjects in every frame. This is usually performed using static cameras and hence we review works on static camera based surveillance here. In many tracking applications, adaptive gaussian mixture model [4] is used to model the background which proves to be computationally costly in real-time applicability scenarios as well as motion of the subjects is concentrated rather than segmentation of the subject completely. Gradient based features such as histogram of oriented gradient (HOG) in [5] has marked substantial gains over intensity based features. With efficient background subtraction before applying the detector gains faster computation time. With the introduction of Aggregated Channel Features in [6] , subject detection has attained higher accuracy even with low resolution video frames.
Tracking Tracking of multiple subjects through frames is always a challenging task especially when subjects have similar appearances. This was handled using kalman filter models in [7] where centroid and area of moving objects were analyzed to track subjects handling overlapping of subjects in the scene. Since then, kalman filter model is used as a powerful tracking method in real-time applications. Detailed discussion on subject tracking methods can be found in [12] .
Motivations and Contributions
From the above discussion, it can be concluded that tracking of subjects throughout their appearance in the camera view scene is possible by using kalman filters. The method presented in [8] shows that tracking can be confined to region of interets (ROI)s instead of entire frame thus reducing computational complexity. Also, it provides room for exploring possibilities of tracking of subjects if they enter/exit into/from private areas.
With this backdrop, this paper presents a conceptual model that introduces entry-exit event detection method as well as analysis of learning of attributes for entry-exit matching.
The major contributions of this paper can be summarized as follows: A novel Entry-Exit event detection method is introduced based on the transition of subjects appearances in frames with time. The method is robust to possible occlusions among subjects as well as occluding of entrance of private area by the subjects in the scene.
The rest of the paper is organized as follows. The proposed model is presented in section 2 with the corresponding experimentations and results discussed in section 3 followed by conclusions and directions for future work in section 4.
Model building

Outline of the model
The camera view scene in Entry-Exit surveillance is represented with the 3-D projection of the scene onto 2-D image. The floor and the entrance of the private area is to be marked as regions of interests (RoIs). The camera used is assumed to be a still camera facing the entrance of the private area.
The model first detects subjects in every frame using background subtraction algorithm based on Gaussian mixture models [9] . Morphological operations are applied on every foreground object detected to remove noise. The foreground pixels are retained and people detection algorithm [6] using is applied on every foreground object detected. With this, every subject is segmented from the foreground object handling complexities such as occlusions due to overlap of subjects in a frame, external items subjects may possess such as trolley bags,luggage carts and strollers. Next, the model tracks each subject through frames and analyze motion of every subject who enters the camera-view scene. The motion of each subject is approximated using kalman filter [7] . So, in every frame, each subject detected is analyzed based on the predictions done in previous frames and are assigned to existing subject tracks. In conventional object tracking applications, with the fact that subjects enter and exit camera view scene with time, new track is created for every subject who enters the scene and the tracks are marked disappeared once they exit. However, in Entry-Exit surveillance, when a new track is created for a new subject who entered into the camera view scene, based on the position of the subject, it can be determined if the subject has exited from the private area or just entered the scene from outside. On the other hand, if a tracked subject remain unassigned for a specific number of frames, it can be considered as retreat of the subject from the scene. Based on the position of the subject, it can be determined if the subject has entered into the private area or just exited the scene.
Algorithm
The sequence of steps in detecting Entry/Exit events is as follows. 
Algorithm 1 Entry-Exit event detection
Method in detail
Algorithm 2 Occlusion Handling begin
For every subject Si in the frame. 1 . Check for all the subjects who are blocking the entrance. 2. Update the entrance co-ordinates for the frame with the extreme ends of the bounding box of the subjects blocking the entrance. 3. Now subjects missing from the previous frames or appearing in the next frame are analyzed and are assigned respective tracks. end Let there be n subjects who appears in the camera view scene in the interval [t Start , t End ] be represented by S = {S1, S2, ..., Sn}.
For each subject, before creating a track, it is important to determine whether the subject entered the scene from outside or exited from private area. If the subject detected as a new track bounded in a bounding box B and if B ⊂ E, then it can be concluded that the subject has just entered the scene by exiting from private area. However, if B ⊂ E, then it can be concluded that the subject has just entered the scene from outside.
Similarly, before marking each subject to have exited the scene, it is important to determine whether the subject exited the scene to outside or entered private area. If the tracked is unassigned for a certain amount of frames, then the last frame where the subject was assigned has to be examined for its spacial location in the frame. If the subject is bounded in a bounding box B and if B ⊂ E, then it can be concluded that the subject has just entered the private area. However, if B ⊂ E, then it can be concluded that the subject has just exited the scene to outside.
The time ti and tj has to be marked for each subject as time of entry into the scene and time of exit from the scene respectively and the activity detected has to be updated as Entry/Exit/Miscellaneous accordingly. The important factors that affects Entry/Exit event detection are-overlapping of subjects while entering and exiting, and subjects occluding the entrance that makes it challenging to determine the entry/exit of other subjects into/from the private area. The solutions for these challenges are as follows.
When there are more than one subject in the scene and if one subject is blocking the entrance, then the entrance region has to be updated for that frame for other subjects. If Si is the subject who blocks the entrance and if Bi is its bounding box, then for every other subject in the scene, the regions E-B and Bi-B' can act as entrance where Bi' is the extended area of Bi.
The states of the subjects who appears in the camera view scene in Entry/Exit Surveillance is as shown in figures 1 and 2.
It is also important to note that in every frame when subjects are detected and are assigned to tracks, the features such as height of the subjects with reference to their positions in the scene, soft bio-metrics such as clothing, carried items, face and gait bio-metric traits are to be extracted in parallel for matching in the later stages. 
Discussion
The proposed model is evaluated on benchmark EnEx, CAVIAR [10] and PAMELA-UANDES datasets [10] .
EnEx dataset contains video footages captured using single camera that face the entrances of private areas. The videos are captured in five different locations where subjects enter and exit private areas with time. The proposed method to detect Entry/Exit/Miscellaneous events performs better with efficient background subtraction and people detection in frames. We have chosen Gaussian mixture model for background subtraction which is one of the best background subtraction algorithms applied on videos captured using still cameras. The people detection algorithm using [6] are applied on every frame that is background subtracted. With the average missing rate of around 20% in the current state of the art people detection algorithms, it is important to note that the missing is due to factors such as errors in background subtraction and noise removal, pose of the subject, occlusions of the subjects due to spatial overlapping as well as camera placement. However, with the threshold defined for marking the track of the subject to 'complete' state, the subjects are located in the consecutive frames and are marked 'active' by assigning them to their respective tracks. Also, misclassifications are avoided to an extent by defining the threshold for the average height of the subjects as well as position of the foot of the subject. Occlusion handling in the proposed method is found to be highly efficient with the frames where subjects blocking the entrances, are updated accordingly.
The Clips from Shopping Center in CAVIAR dataset [10] and PAMELA-UANDES dataset [11] where subjects enter and exit out of metro trains are hypothesized to Entry-Exit scenarios and the proposed method is evaluated. With the low resolution video frames in these datasets, subjects detection tracking were highly efficient. However, learning of biometric traits of subjects such as face and gait were limited.
The performance evaluation analyses of the proposed method that was evaluated on the above mentioned datasets are as follows. The subject detection on all the three datasets are found to be satisfactory.The lower subject detection rate in EnEx dataset as compared to the other two datasets is because of the camera placements where complete body of the subjects is not available in the frames. The missing rate in caviar dataset is due to frequent occlusion of subjects overlapping each other. However, the method performs best on CAVIAR dataset among the three datasets in classifying the events as Entry/Exit/Miscellaneous. Low Entry-Exit event detection in PAMELA-UAN-DES dataset is due to the top view of the scene where the visibility of the walking path of the subjects is limited. Overall, the method proposed in this paper gives satisfactory results in detecting the events in Entry-Exit surveillance.
Conclusion
In this paper, a novel method to detect events such as Entry/Exit/Miscellaneous in Entry-Exit Surveillance (EES) is proposed. Using the standard algorithms for people detection and tracking as well as a new approach to analyze transition of states of the subjects, it is shown that it is possible to detect and track subjects who appears in the scene and index them for matching later to accomplish the key objective of EES. Hence, the proposed model is a preliminary step for EES systems. Future works are expected to consider capturing data using two oppositely placed cameras which gives scope to detect occluded subjects more efficiently.
